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Uranus and Neptune a r e  of s p e c i a l  i n t e r e s t  f o r  t h e o r i e s  of t h e  
o r i g i n  of t h e  s o l a r  system, because t hey  r e p r e s e n t  a  s p e c i a l  c l a s s  of 
o b j e c t s  i n t e rmed ia t e  i n  composition between t h e  g i a n t  hydrogen-rich 
p l a n e t s  J u p i t e r  and Sa tu rn ,  and t h e  s m a l l ,  rocky,  t e r r e s t r i a l  p l a n e t s ,  
The i r  s t r u c t u r e  and composition should provide important  c l u e s  t o  t h e  
o r i g i n  of  t h e  s o l a r  system ( 1 , 2 ) .  I n  o r d e r  t o  compute models of t h e  
i n t e r n a l  s t r u c t u r e ,  us ing  high p re s su re  equa t ions  of  s t a t e  f o r  t h e  
m a t e r i a l s  be l ieved  t o  c o n s t i t u t e  t hose  p l a n e t s ,  it is necessary t o  
measure s e v e r a l  parameters c h a r a c t e r i z i n g  t h e s e  pa lne t s .  Their  masses 
and r a d i i  have been known t o  s u f f i c i e n t  accuracy f o r  many y e a r s ,  and 
r e c e n t l y  J2 and J4 ( r e s p e c t i v e l y  t h e  quadrupole and 16-pole moments of 
t h e  g r a v i t a t i o n a l  f i e l d )  have been determined f o r  Uranus (31 and moments 
J2 f o r  Neptune ( 4 ) .  U n t i l  t h e  Voyager f l yby ,  however, t h e  r o t a t i o n  
per iod f o r  Uranus was no t  wel l  cons t r a ined  and va r ious  observa t ions  
placed it i n  t h e  neighborhood of  16 h r s .  ( 5 ) .  I t  is  i n t e r e s t i n g  t h a t 9  
al though t h i s  is  a  s h o r t e r  per iod  than  t h e  18 h r s  determined 
photomet r ica l ly  f o r  Neptune ( 5 ) ,  Neptune has  t h e  l a r g e r  J2. 
We have cons t ruc t ed  a  d e t a i l e d  s e t  of t h e o r e t i c a l  models which 
c o n s i s t  of  a  co re  of  lvrockl' (MgO, SiO, Fe, and N i  i n  s o l a r  p r o p o r t i o n s ) ,  
surrounded by an envelope of " i c e s w  ( H 2 ) ,  CH4 and NH3 i n  s o l a r  
p r o p o r t i o n s ) ,  surrounded,  i n  t u r n ,  by an  envelope of  t h e s e  same lvicesl l  
mixed w i t h  H2 and He ( 6 ) .  We found a l though t h e  r a t i o  of l l i ces l l  t o  
"rockt1 was n e a r l y  t h e  same f o r  t h e  two p l a n e t s ,  t h e  i n t e r n a l  arrangement 
was very d i f f e r e n t  i n  t h e  two cases ,  a  s i t u a t i o n  very d i f f i c u l t  t o  
e x p l a i n  i n  terms of c u r r e n t  p i c t u r e s  of p l a n e t  formation.  We suggested 
( 7 )  t h a t  t h e  per iod  measured pho tome t r i ca l l y  f o r  Neptune i s  inf luenced  
by s u r f a c e  f e a t u r e s  caused by t h e  motion of Rossby waves i n  t h e  upper 
atmosphere,  and , i n  f a c t ,  t h e  body of  t h e  p l a n e t  r o t a t e s  more 
quickly.  Such a  s h o r t e r  per iod  i s ,  indeed,  i n d i c a t e d  by new 
measurements of t h e  ob l a t enes s  (8 ) .  The r e c e n t  Voyager f l yby  of Uranus 
has  f i x e d  i ts  r o t a t i o n  per iod  a t  j u s t  over 17 hours ,  narrowing t h e  
d i f f e r e n c e  between t h e  two models, but  by no means e l imina t ing  i t .  
Hopefully,  t h e  Voyager encounter  wi th  Neptune w i l l  h e lp  r e s o l v e  t h e  
i s s u e .  
The new improved r o t a t i o n  pe r iod ,  combined w i t h  t h e  l a t e s t  va lues  
f o r  J2 and J4 have r a i s e d  problems i n  t h e  understanding of Uranus' 
s t r u c t u r e  independent ly  o f  a  comparison w i t h  Neptune. We have found 
t h a t  none of t h e  models computed prev ious ly  ( f i g .  1 ) could be made t o  f i t  
wi th  t h i s  new set of obse rva t iona l  d a t a .  I n s t e a d  i t  was necessary  t o  
assume t h a t  Uranus has  an  anomalously h igh  r a t i o  of  " i ce s "  t o  l lrock",  
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some f i v e  t imes  t h e  s o l a r  va lue  ( 9 ) !  Such a  h igh  va lue  ( f i g .  2 )  may be 
a  n a t u r a l  outcome of an  a c c r e t i o n  mechanism we have begun t o  
i n v e s t i g a t e ,  A s  a  p lane tes imal  approaches a  p ro top lane t a ry  atmosphere 
wi th  some impact parameter,  i t  may (depending on  its composition) l o s e  a  
s i g n i f i c a n t  amount of mass and be cap tured  by t h e  p ro top lane t ,  o r  l o s e  
very l i t t l e ,  and escape  t o  space,  S ince  i c e  is  more v o l a t i l e ,  an  i c y  
p lane tes imal  w i l l  l o s e  mass a t  l a r g e r  impact parameters ,  and hence t h e  
c r o s s  s e c t i o n  f o r  cap tu re  w i l l  be l a r g e r  f o r  i c y  p lane tes imals  than f o r  
rocky ones.  This  provides  a  p o s s i b l e  mechanism f o r  g r e a t l y  enhancing 
t h e  i c e  t o  rock  r a t i o  over  t h e  s o l a r  value.  Th i s  mechanism is  c u r r e n t l y  
being explored.  
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Fig. 1 54 as a func t i on  o f  the  ice / rock  r a t i o  f o r  former Uranus 
models. Parameter on r i g h t  g ives  enhancement o f  v o l a t i l e s  
i n  envelope over so la r  composition. Tick marks along curve 
g i ve  r o t a t i o n  per iod  requ i red f o r  f i t  t o  32. Horizontal  
l i n e s  show former l i m i t s  on observed value o f  54. 
Fig. 2 54 as a func t i on  o f  t he  ice / rock  r a t i o  f o r  cur rent  Uranus 
models w l t h  17.24 h r  period. T ick  marks show enhancement o f  
v o l a t i l e s  i n  envelope. Hor izonta l  dashed l i n e s  show cur rent  
l i m i t s  on 54. 
